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(57) ABSTRACT 

Disclosed is an enhanced conformal coating, a process for 
making the same, and several computer related applications. 
A commercially available conformal coating is combined 
With a commercially available bloWing agent (sometimes 
called a “foaming agent”) to create an enhanced conformal 
coating. The formulation of the enhanced coating is such 
that it Will emit a particular gas When heated to a particular 
temperature. The enhanced coating is then applied to an 
object to Which pre-damage heat detection is desired. A 
sensor, located proximate to the object, is then used to detect 
the emitted gas. Once the gas is detected, actions can be 
taken to reduce the heat in a manner appropriate for the 
particular object. Application of the enhanced coating Within 
the computer industry can involve its use With a particular 
electrical component or a group of electrical components 
(e.g., a circuit board). For example, the enhanced coating 
can be applied to one or more circuit boards. The coated 
boards and an appropriate gas sensor are then installed in a 
computer system housing. When the sensor detects a par 
ticular gas, it conveys information to the system regarding 
the possibility of excess heat. The system can then take 
remedial action. 
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CONFORMAL COATING ENHANCED TO 
PROVIDE HEAT DETECTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to conformal coatings 
and heat detection systems. 

BACKGROUND OF THE INVENTION 

[0002] Temperature control of physical objects has alWays 
been an important consideration. When certain objects get 
too cold they become brittle and crack and crumble. Simi 
larly, certain objects melt or catch ?re When they are 
subjected to excess heat. Of course, a heat-damaged object 
that is melted or charred is in most cases valueless. This 
patent pertains to a heat detection system that can be used to 
prevent damage to objects from excess heat. 

[0003] An electrical component is perhaps one of the best 
examples of a heat sensitive object. This is not surprising 
given that heat is a natural by product of an electrical 
component’s operation. If there is too much electrical cur 
rent driving the component, the component can melt or catch 
?re. Similar damage occurs When the operational environ 
ment of the component does not dissipate enough heat. Said 
another Way, electrical components can also be damaged by 
heat When they are placed too close together, When they are 
contained Within a housing that restricts needed air?oW, or 
When the ambient temperature (i.e., because of exposure to 
the sun or some other heat source) becomes too great. 

[0004] A typical computer system, chocked full of expen 
sive electrical components, clearly represents one of the best 
examples of the need for excess heat detection. This is 
especially so When one recalls that marketplace forces Work 
to continually pressure computer system makers to develop 
smaller, more poWerful computers. Of course, more poWer 
typically means more current, Which (as mentioned) means 
more heat. Similarly, smaller computers involve more 
densely packed components (more heat) and less space 
(more heat). While all computer system design must, to 
some extent, account for heat issues, rack mounted super 
computers and blade servers represent tWo of the more 
challenging design points in that they involve densely 
packed system boards that are placed in close proximity to 
one another. Heat detection prior to component damage 
represents one of the more daunting impediments to 
improved system design. 

[0005] Existing solutions tend to be limited in one of tWo 
Ways. Solutions that provide pre-damage protection are 
limited to a speci?c component, set of components, or area. 
Solutions that provide a Wider basis of detection are them 
selves limited by the fact that some damage, typically 
charring, must occur before excess heat can be detected. 

[0006] Clearly a need exists for a heat detection system 
that provides Wide-ranging detection prior to heat-induced 
damage. 

SUMMARY OF THE INVENTION 

[0007] Disclosed is an enhanced conformal coating, a 
process for making the same, and several computer related 
applications. 
[0008] The enhanced conformal coating is formulated 
such that the coating Will emit a particular gas When heated 
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to a particular temperature. The enhanced coating is then 
applied to an object to Which pre-damage heat detection is 
desired. A sensor, located proximate to the object, is then 
used to detect the emitted gas. Once the gas is detected, 
actions can be taken to reduce the heat in a manner appro 
priate for the particular object. 

[0009] Application of the enhanced coating Within the 
computer industry can involve its use With a particular 
electrical component or a group of electrical components 
(e.g., a circuit board). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a high-level process diagram shoWing the 
enhanced conformal coating of the preferred embodiment 
being applied to a circuit board, Which is then installed in a 
computer system. 

[0011] FIG. 2A is a physical diagram shoWing the enclo 
sure and board-based components used in the computer 
system of the preferred embodiment of the present inven 
tion. 

[0012] FIG. 2B is a logical diagram shoWing the opera 
tional components used in the computer system of the 
preferred embodiment of the present invention. 

[0013] FIG. 3 is a How diagram shoWing the steps used to 
carry out a ?rst embodiment of a shutdoWn controller. 

[0014] FIG. 4 is a How diagram shoWing the steps used to 
carry out a second embodiment of a shutdoWn controller. 

[0015] FIG. 5 is a How diagram shoWing the steps used in 
connection With some of the steps shoWn in FIG. 4 to carry 
out the preferred embodiment of a shutdoWn controller. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0016] Turning noW to the draWings, FIGS. 1-5 are used to 
explain hoW the present invention can be used in the context 
of a computer system. HoWever, it should be understood that 
the scope and teachings of the present invention are not 
limited to the context presented in the discussion of the 
preferred and alternate embodiments. Indeed, the teachings 
of the present invention can be applied to any sort of object 
for Which heat detection is desired, no matter Whether the 
object is an electrical component, a circuit board, or some 
other type of object for Which heat detection is important. It 
is also important to note that reduction of heat is not the only 
purpose for With the teachings of present invention apply. 
For example, once a given level of heat is detected, it may 
be desirable in certain applications to increase the heating on 
the object, to increase the poWer to the object, reduce the 
poWer to the object, or terminate poWer to the object. With 
that said, FIG. 1 shoWs the enhanced conformal coating of 
the preferred embodiment being applied to a circuit board 
(i.e., an object), Which is then installed in a computer 
system. 

[0017] As shoWn, conformal coating 110 is applied to 
selected untreated circuit board 100. While not to scale, the 
cross section vieW of board 100 shoWs that conformal 
coating 110 is applied to both sides of board 100. In the 
preferred and alternate embodiments, conformal coating 110 
is sprayed onto circuit board 100. HoWever, the coating 
could be applied by brush, ?oW coating, or dipping. 
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[0018] Conformal coating 110 of the preferred and alter 
nate embodiments has been enhanced to include a blowing 
agent. The bloWing agent is formulated to outgas at a certain 
temperature. The folloWing table shoWs hoW different coat 
ing/bloWing agent formulations yield differing temperature 
sensitivities. Differing temperature sensitivity means that 
different enhanced coatings Will outgas at different tempera 
tures, making for a Wide range of applications. 
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Mass Sensors Inc, are the gas sensors used in the preferred 
and alternate embodiments. HoWever, it should be under 
stood that other types of sensors, With similar capabilities, 
could also be used. When gas is detected by sensors 265, 
related information is shared With service processor 215. In 
the preferred and alternate embodiments, this information is 
shared using RS232 interfaces on sensors 265 and service 
processor 215. 

Conformal Coating Blowing Agent By Weight Loading OutGas Temperature 

Polyurethane U-7510 Celogen OT 2—5% 140° C. 
Polyurethane U-7510 Celogen AT 2—5% 190° C. 
Polyurethane U-7510 Celogen 754-A 2—5% 165—180° C. 
Polyurethane U-7510 Celogen 765-A 2—5% 152—160° C. 
Polyurethane U-7510 Celogen AZ 2—5% 190—220° C. 
Polyurethane U-7510 Celogen AZ 5100 2—5% 210° C. 
Polyurethane U-7510 Celogen 780 2—5% 140—150° C. 
Polyurethane U-7510 Celogen AZ-1901 2—5% 205—213° C. 
Polyurethane U-7510 Celogen AZ-760-A 2—5% 200° C. 
Polyurethane U-7510 Celogen 9370 2—5% 205—213° C. 
Polyurethane U-7510 Celogen AZNP-130 2—5% 200° C. 
Polyurethane U-7510 Celogen AZRV 2—5% 200-210° C. 
Polyurethane U-7510 Celogen FF 2—5% 200° C. 
Polyurethane U-7510 Celogen TSH-C 2—5% 110-120° C. 
Polyurethane U-7510 Celogen RA 2—5% 228—235° C. 
ShiniEtsu KE 3472T silicone Celogen OT 2—5% 140° C. 
ShiniEtsu KE 3472T silicone Celogen AT 2—5% 190° C. 
ShiniEtsu KE 3472T silicone Celogen 754-A 2—5% 165—180° C. 
ShiniEtsu KE 3472T silicone Celogen 765-A 2—5% 152—160° C. 
ShiniEtsu KE 3472T silicone Celogen AZ 2—5% 190—220° C. 
ShiniEtsu KE 3472T silicone Celogen AZ 5100 2—5% 140—150° C. 
Shin_Etsu KE 3472T silicone Celogen 780 2—5% 205—213° C. 
ShiniEtsu KE 3472T silicone Celogen AZ-1901 2—5% 200° C. 
ShiniEtsu KE 3472T silicone Celogen AZ-760-A 2—5% 200-210° C. 
ShiniEtsu KE 3472T silicone Celogen 9370 2—5% 205—213° C. 
ShiniBtsu KE 3472T silicone Celogen AZNP-130 2—5% 200° C. 
ShiniBtsu KE 3472T silicone Celogen AZRV 2—5% 200-210° C. 
ShiniBtsu KE 3472T silicone Celogen FF 2—5% 200° C. 
ShiniBtsu KE 3472T silicone Celogen TSH-C 2—5% 110-120° C. 
ShiniBtsu KE 3472T silicone Celogen RA 2—5% 228—235° C. 

[0019] In the preferred and alternate embodiments Poly 
urethane U-7510 is used as the base coating and Celogen OT 
is used as the bloWing agent. This combination yields an 
enhanced conformal coating that Will outgas at 140° C. This 
temperature Was selected because typical circuit boards 
begin to loose mass at 250-300° C., Which is Well before 
char formation begins. It should be noted, hoWever, that 
other formulations (as shoWn in the above table) could be 
used for applications that require different temperature sen 
sitivity levels. 

[0020] Finishing the description of FIG. 1, the circuit 
board, noW enhanced With conformal coating 110, is 
installed into a computer system after an appropriate drying 
period (2-3 hours at 20° C. or 1 hour at 80° C.). 

[0021] FIG. 2A is a physical diagram shoWing the enclo 
sure and board-based components used in the computer 
system of the preferred and alternate embodiments of the 
present invention. As shoWn, computer system enclosure 
250 includes a plurality of cages 260, Which have mounted 
therein a plurality of boards. TWo gas sensors 265 are also 
mounted Within enclosure 250 to be in direct How of cooling 
air. Model CS-200 microscale mass spectrometers, made by 

[0022] FIG. 2B shoWs some of the operational compo 
nents used in the computer system of the preferred embodi 
ment of the present invention. Computer system 200 is an 
enhanced IBM computer system, although other, similarly 
con?gured computer systems could be used. Depicted com 
ponents include central processing unit (CPU) 230, service 
processor 215, and netWork 235. ShoWn Within service 
processor 215 is shutdoWn controller 220, Which eXecutes 
on service processor CPU 225. Various embodiments of 
shutdoWn controller 220 are explained and described in 
FIGS. 3-5 and the accompanying teXt. It is important to note, 
though, that While shutdoWn controller 220 is shoWn to 
reside and execute on service processor 215, it could also, in 
a different con?guration, operate on CPU 230 or on a 

netWork attached system like those attached to netWork 235. 
It should further be understood that While the embodiments 
of the present invention are being described herein in the 
conteXt of a complete system, certain program mechanisms, 
such as shutdoWn controller 220, are capable of being 
distributed in program product form. Of course, it is Well 
understood that a program product can be distributed on 
different types of signal bearing media, including, but not 
limited to: recordable-type media such as ?oppy disks and 
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CD ROMs; and transmission-type media such as digital and 
analog communications links. 

[0023] FIG. 3 shows the steps used to carry out a ?rst 
embodiment of shutdoWn controller 220. The presence of 
gas Within enclosure 250 indicates that one or more of the 
boards mounted in cages 260 is becoming hot to the point of 
impending damage. When one of sensors 265 detects this 
gas, it uses its RS232 port to send an alert (e.g., a noti?ca 
tion) to service processor 215. This alert is received by 
shutdoWn controller 220 in block 300 of FIG. 3. ShutdoWn 
controller 220 then logs the type of system failure (i.e., heat 
in this case) [block 305], initiates immediate shutdoWn 
processing for system 200[block 310], and terminates 
execution in block 315. 

[0024] FIG. 4 shoWs the steps used to carry out a second 
embodiment of shutdoWn controller 220. In block 400, 
shutdoWn controller 220 repeatedly communicates With sen 
sors 265 to determine the outgas level Within enclosure 250. 
(The dashed outline of block 400 of FIG. 4 is explained in 
the ensuing discussion of FIG. 5.) When a non-Zero outgas 
level is detected, shutdoWn controller 220 determines 
Whether the detected outgas level exceeds an immediate 
shutdoWn threshold (IST). A detected gas level in excess of 
the IST requires quick action on the part of system 200 to 
avoid damage to one or more of the boards housed Within 
enclosure 250. If the detected gas level does exceed the IST, 
shutdoWn controller 220 proceeds With an immediate shut 
doWn of system 200. Immediate shutdoWn processing is the 
same as that described earlier in connection With FIG. 3. 
That is, shutdoWn controller 220 logs the fail type (i.e., heat) 
in block 420, initiates the immediate shutdoWn processing of 
system 200[block 440], and terminates execution in block 
450. 

[0025] If in block 405 shutdoWn controller 220 determines 
that the outgas level is less than the IST, shutdoWn controller 
220 logs the gas level and the time of the sampling in block 
410. ShutdoWn controller 220 then again determines the 
outgas level through communication With sensors 265[block 
415]. In block 430, shutdoWn controller 220 determines 
Whether the outgas level is greater than a controlled shut 
doWn threshold (CST), but less than the IST. If the outgas 
level is greater than the IST, shutdoWn controller 220 
proceeds With immediate shutdoWn processing [block 420]. 

[0026] If the outgas level is less than the CST, shutdoWn 
controller starts processing aneW in block 400. If the outgas 
level is greater than the CST, but less than the IST, shutdoWn 
controller 220 knoWs that a shutdoWn is necessary, but that 
it may be possible to shutdoWn system 200 in an orderly 
manner. (Normal shutdoWn processing is the preferred alter 
native because it permits program executing on CPU 230 to 
complete processing and save data before being terminated.) 
Therefore, in block 425, shutdoWn controller 220 ?rst deter 
mines the rate of increase betWeen samples (i.e., betWeen the 
outgas level detected in block 400 and the outgas level 
detected in block 415). Knowing hoW long a controlled 
shutdoWn of system 200 takes, shutdoWn controller 220 
determines Whether the rate at Which the outgas level is 
increasing is sufficiently sloW to permit a controlled shut 
doWn of system 200[block 435]. If shutdoWn controller 220 
determines that there is not sufficient time to permit a 
controlled shutdoWn of system 200, shutdoWn controller 220 
proceeds With immediate shutdoWn processing [block 420]. 
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If shutdoWn controller 220 determines that there is suf?cient 
time to permit a controlled shutdoWn of system 200, shut 
doWn processor 220 logs the fail type in block 445, initiates 
normal shutdoWn processing in block 455, and enters a sleep 
state in block 457. 

[0027] During normal shutdoWn processing, shutdoWn 
controller 220 periodically Wakes up and checks the outgas 
level to determine Whether the outgas level exceeds the IST. 
If the outgas level does exceed the IST, shutdoWn controller 
220 knoWs that the overheating has noW become critical, 
making an immediate shutdoWn necessary. ShutdoWn con 
troller 220 then initiates immediate shutdoWn processing 
[block 420]. If shutdoWn controller 220 determines that the 
outgas level has not yet reached the IST, shutdoWn controller 
220 knoWs that normal shutdoWn processing can be alloWed 
to continue. Thus, shutdoWn controller 220 re-enters sleep 
state in block 457. ShutdoWn controller 220 then repeatedly 
executes blocks 465, 470, and 457 until normal shutdoWn 
processing completes, thereby terminating execution of 
shutdoWn controller 220 Within service processor 215, or 
until shutdoWn controller 220 determines that immediate 
shutdoWn processing is necessary due to an outgas level in 
excess of the IST. 

[0028] FIG. 5 shoWs steps used in connection With some 
of the steps shoWn in FIG. 4 to carry out the preferred 
embodiment of shutdoWn controller 220. In the preferred 
embodiment, dashed block 500 of FIG. 5 replaces dashed 
block 400 of FIG. 4. In this embodiment, sensors 265 are 
con?gured to report the presence of gas Without having to be 
repeatedly queried by shutdoWn controller 220. Once an 
outgas signal is reported, the outgas level is determined in 
block 510, and processing continues as has been described 
in connection With FIG. 4. 

[0029] The embodiments and examples set forth herein 
Were presented in order to best explain the present invention 
and its practical application and to thereby enable those 
skilled in the art to make and use the invention. HoWever, 
those skilled in the art Will recogniZe that the foregoing 
description and examples have been presented for the pur 
poses of illustration and example only. The description as set 
forth is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Many modi?cations 
and variations are possible in light of the above teaching 
Without departing from the spirit and scope of the folloWing 
claims. 

What is claimed is: 
1. A composition of matter, said composition of matter 

comprising: 

a conformal coating, said conformal coating being for 
mulated to emit a particular gas at a particular tem 
perature. 

2. The conformal coating of claim 1 Wherein said con 
formal coating is applied to an object for Which heat 
detection is desired. 

3. The conformal coating of claim 2 Wherein said object 
is an electronic component. 

4. The conformal coating of claim 3 Wherein said elec 
tronic component is a circuit board. 

5. The conformal coating of claim 2 Wherein said elec 
tronic component is located proximate to a gas sensor. 
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6. The conformal coating of claim 4 wherein said gas 
sensor is used to sense said particular gas and to signal the 
presence of said particular gas so that appropriate measures 
can be taken. 

7. The conformal coating of claim 6 Wherein said appro 
priate measures are selected from the group consisting of: 

cooling said electrical component; 

heating said electrical component; 

terminating poWer to said electrical component; 

reducing poWer to said electrical component; and 

increasing poWer to said electrical component. 
8. The conformal coating of claim 7 Wherein said elec 

trical component is a circuit board and Wherein said circuit 
board is part of a computer system. 

9. A composition of matter, said composition of matter 
comprising: 

a base coating; and 

a bloWing agent combined With said base coating to make 
a conformal coating, said conformal coating emitting a 
particular gas at a particular temperature. 

10. The conformal coating of claim 9 Wherein said 
conformal coating is applied to an object for Which heat 
detection is desired. 

11. The conformal coating of claim 10 Wherein said object 
is an electronic component. 

12. The conformal coating of claim 11 Wherein said 
electronic component is a circuit board. 

13. The conformal coating of claim 10 Wherein said 
electronic component is located proximate to a gas sensor. 

14. The conformal coating of claim 12 Wherein said gas 
sensor is used to sense said particular gas and to signal the 
presence of said particular gas so that appropriate measures 
can be taken. 

15. The conformal coating of claim 14 Wherein said 
appropriate measures are selected from the group consisting 
of: 

cooling said electrical component; 

heating said electrical component; 

terminating poWer to said electrical component; 

reducing poWer to said electrical component; and 

increasing poWer to said electrical component. 
16. The conformal coating of claim 15 Wherein said 

electrical component is a circuit board and Wherein said 
circuit board is part of a computer system. 

17. An article of manufacture, said article of manufacture 
comprising: 

an object, said object being coated With a conformal 
coating, said conformal coating being formulated to 
emit a particular gas at a particular temperature. 

18. The article of manufacture of claim 17 Wherein heat 
detection is desired for said object. 

19. The article of manufacture of claim 18 Wherein said 
object is an electronic component. 

20. The article of manufacture of claim 19 Wherein said 
electronic component is a circuit board. 

21. The article of manufacture of claim 18 Wherein said 
electronic component is located proximate to a gas sensor. 
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22. The article of manufacture of claim 20 Wherein said 
gas sensor is used to sense said particular gas and to signal 
the presence of said particular gas so that appropriate 
measures can be taken. 

23. The article of manufacture of claim 22 Wherein said 
appropriate measures are selected from the group consisting 
of: 

cooling said electrical component; 

heating said electrical component; 

terminating poWer to said electrical component; 

reducing poWer to said electrical component; and 

increasing poWer to said electrical component. 
24. The article of manufacture of claim 23 Wherein said 

electrical component is a circuit board and Wherein said 
circuit board is part of a computer system. 

25. An article of manufacture, said article of manufacture 
comprising: 

an electrical component, said electrical component being 
coated With a conformal coating, said conformal coat 
ing being formulated to emit a particular gas at a 
particular temperature. 

26. The article of manufacture of claim 25 Wherein said 
electronic component is a circuit board. 

27. The article of manufacture of claim 26 Wherein said 
electronic component is located proXimate to a gas sensor. 

28. The article of manufacture of claim 27 Wherein said 
gas sensor is used to sense said particular gas and to signal 
the presence of said particular gas so that appropriate 
measures can be taken. 

29. The article of manufacture of claim 28 Wherein said 
appropriate measures are selected from the group consisting 
of: 

cooling said electrical component; 

heating said electrical component; 

terminating poWer to said electrical component; 

reducing poWer to said electrical component; and 

increasing poWer to said electrical component. 
30. The article of manufacture of claim 29 Wherein said 

electrical component is part of a computer system. 
31. An apparatus, said apparatus comprising: 

a processor; and 

at least one electrical component, said electrical compo 
nent being coated With a conformal coating, said con 
formal coating being formulated to emit a particular gas 
at a particular temperature. 

32. The apparatus of claim 31 Wherein said electronic 
component is located proXimate to a gas sensor. 

33. The apparatus of claim 32 Wherein said gas sensor is 
used to sense said particular gas and to signal the presence 
of said particular gas so that appropriate measures can be 
taken. 

34. The apparatus of claim 33 Wherein said appropriate 
measures are selected from the group consisting of: 

cooling said electrical component; 

heating said electrical component; 

terminating poWer to said electrical component; 
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reducing power to said electrical component; and 

increasing poWer to said electrical component. 
35. The apparatus of claim 34 Wherein said electronic 

component is a circuit board. 
36. The apparatus of claim 33 Wherein said processor is 

con?gured to perform said appropriate measures. 
37. An apparatus, said apparatus comprising: 

at least one electrical component, said electrical compo 
nent being coated With a conformal coating, said con 
formal coating being formulated to emit a particular gas 
at a particular temperature, said electronic component 
being located proximate to a gas sensor such that said 
gas sensor can detect said particular gas and signal a 
noti?cation of the presence of said particular gas; and 

a processor; said processor being con?gured to receive 
said noti?cation and to shutdoWn said apparatus. 

38. The apparatus of claim 37 Wherein said shutdoWn is 
selected from the group consisting of: 

an immediate shutdoWn; and 

a normal shutdoWn. 
39. Aprogram product, said program product comprising: 

signal bearing media; and 

a shutdoWn controller stored on said signal bearing media, 
said shutdoWn controller being con?gured to perform 
the folloWing steps: 

receiving a noti?cation of detection of a particular gas 
from a gas sensor, said particular gas being emitted 
When a coating of an electrical component reaches a 
particular temperature, said coating being formu 
lated to emit said particular gas When heated to said 
particular temperature; and 

shutting doWn said apparatus. 
40. The program product of claim 37 Wherein said shut 

ting doWn step is selected from the group consisting of: 

performing an immediate shutdoWn; and 

performing a normal shutdoWn. 
41. The program product of claim 40 Wherein said step of 

performing a normal shutdoWn further comprises the steps 
of: 

determining a ?rst outgas level; 

determining a second outgas level; 
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determining Whether a rate of increase betWeen said ?rst 
outgas level and said second outgas level is suf?ciently 
sloW to permit a normal shutdoWn; 

performing said normal shutdoWn When said rate of 
increase is sufficiently sloW to permit said normal 
shutdoWn. 

42. A process for manufacturing an object, said process 
comprising the folloWing steps: 

selecting said object; 

applying a conformal coating to said object, said confor 
mal coating being formulated to emit a particular gas at 
a particular temperature. 

43. The process of claim 42 Wherein said object is an 
electronic component. 

44. The process of claim 43 Wherein said electronic 
component is a circuit board. 

45. Amethod for shutting doWn an apparatus, said method 
comprising the folloWing steps: 

receiving a noti?cation of detection of a particular gas 
from a gas sensor, said particular gas being emitted 
When a coating of an electrical component reaches a 
particular temperature, said coating being formulated to 
emit said particular gas When heated to said particular 
temperature; and 

shutting doWn said apparatus. 
46. The method of claim 45 Wherein said shutting doWn 

step is selected from the group consisting of: 

performing an immediate shutdoWn; and 

performing a normal shutdoWn. 
47. The program product of claim 46 Wherein said step of 

performing a normal shutdoWn further comprises the steps 
of: 

determining a ?rst outgas level; 

determining a second outgas level; 

determining Whether a rate of increase betWeen said ?rst 
outgas level and said second outgas level is suf?ciently 
sloW to permit a normal shutdoWn; and 

performing said normal shutdoWn When said rate of 
increase is sufficiently sloW to permit said normal 
shutdoWn. 


